This study was carried out to investigate effects of crude protein (CP) levels in total mixed rations (TMR) on growth performance and meat quality in growing Korean black goats. Thirty-six 6-month-old growing black male goats (initial body weight = 17.95±0.13 kg) were used. The goats were randomly divided into four treatments and 9 animals were allotted to each treatment. In terms of treatments, CP levels in TMR were 14, 16, 18, and 20% of dry matter (DM) and all diets were isocaloric (2.4 Mcal ME/kg DM). The experiment lasted for 20 weeks with a 15-day adaptation period. After the end of the trial, five goats from each treatment were slaughtered to measure carcass characteristics and meat quality. Average daily gain (ADG) significantly (p<0.05) increased as dietary CP levels increased, but the highest ADG was found on the 18% CP treatment. The higher CP levels in TMR significantly (p<0.05) decreased feed conversion ratio, but the lowest ratio was on the 18% CP treatment, suggesting a higher bioavailability of nutrients by balanced energy and protein levels on this treatment. There was no significant difference in dressing percentage among treatments, but there was a tendency for levels more than 16% CP in TMR to have a comparatively higher dressing percentage than the 14% treatment. The percentages of meat, fat and bone were not significantly influenced by dietary CP levels. Dietary CP levels did not influence chemical composition of goat meat. Furthermore, there was no significant difference among treatments in any of the sensory parameters except for tenderness. Tenderness was similar for 18 and 20% treatments, which were significantly (p<0.05) higher than the 14% treatment. The results from this study suggested that an adequate CP level in TMR for achieving optimal growth performance and meat quality of growing Korean black goats might be 18% of DM, and that dietary CP level above 18% seemed not to further increase growth performance and meat quality.
INTRODUCTION
The population of 370,000 Korean black goats in Korea was kept on 27,000 farms in 2007 (MAF, 2008) . The production pattern of black goats in Korea is becoming a multi-faceted, intensive feeding system as consumption of meat for food increases, while previously, goat meat consumption pattern was mostly for medicine cooked in a double boiler, and a small-size, free-range farming system using farm byproducts was predominant. For this reason, moving out of an experience-dependent feeding system, a scientific and systematic feeding management for black goat production is increasingly required. Song et al. (1998) reported in growth study that average daily gain (ADG) of black goats was just 60 g and they demonstrated that an extensive feeding management was a reason for the low growth performance. However, in recent studies aimed at determining optimal feed protein (Choi et al., 2005) and energy levels for Korean black goats, growth could be built up to 83.9 and 77 g of ADG, respectively, suggesting that optimal nutrient provision required for growth and body weight gain of Korean black goats could achieve the best performance for meat production.
In particular, protein is an essential nutrient for animal growth and development, and thus a sufficient protein supply is a crucial factor for normal growth. Previous studies on optimal protein levels in feeds of goats reported that 14% (Prieto et al., 2000) , 16% (Titi et al., 2000) andin total mixed rations were optimal protein levels in the fattening of Korean black goats (Choi et al., 2005) and early pregnant black goats , respectively.
It has been well known that total mixed rations (TMR) improve nutrient utilization due to balanced intakes for roughage and concentrates leading to stabilization of ruminal fermentation (Nocek et al., 1985) . Taking this into account, in order to maximize Korean black goat growth performance and ruminal fermentation, the determination of optimal protein levels in a TMR feeding system is indispensable. However, even protein levels of concentrates have not been clearly defined, which might result in the low productivity of Korean black goats (Choi et al., 2005) .
Therefore, the objectives of this study were to investigate effects of crude protein (CP) levels in TMR on the growth performance and meat quality of growing Korean black goats.
MATERIAL AND METHODS

Experimental animals and site
Thirty-six growing Korean black male goats (approximately 6-months-old; 17.95±0.13 kg of initial body weight) were used and 9 animals were allotted to each treatment. The experiment was conducted at the Animal Genetic Resources Station, the National Institute of Animal Science, Namwon, Korea from May 14th until October 10th, 2007.
Experimental diets and feeding management
The CP levels in TMR used in this experiment were 14, 16, 18 and 20% of dry matter (DM) and energy level was isocaloric at 2.4 Mcal ME/kg DM in all treatments. The ingredients and chemical composition of experimental diets are shown in Table 1 . The TMR was prepared using wet brewers grain, corn gluten feed, sugarcane molasses, fescue straw, alfalfa hay, corn, and a vitamin mineral supplement at a defined ratio of treatments on a DM basis. The moisture content of all TMR was kept to around 30% to induce favorable fermentation. The manufactured TMR was packed in polyethylene bags until fed to goats. TMR used in this experiment was provided to each treatment at 1.5% of body weight (BW) and the amount of TMR was gradually increased by adaptation from 15 days prior to the initiation of the trial. After starting the experiment, TMR at 3.0% of BW was equally divided into two parts and was provided twice a day at 09:00 and 16:00. The animals were assigned to each group of nine goats and placed in each group with three replications kept in pens (2×2 m) with free-choice access to fresh water. The body weights were measured at an interval of 30 days prior to feeding and from the initiation until the end of the trial. Feed intake was calculated as the difference between the amount of feed offered and feed refusal, and the feed refusal was obtained and weighed in the morning of the next day.
Carcass, meat and diet analyses
Five animals from each treatment were slaughtered with a scalded process at the meat processing laboratory, animal product processing division, the National Institute of Animal Science and chilled at 5°C for 24 h prior to boning. For carcass measurement, carcass weight, dressed meat Panel tests for sensory evaluation were performed on juiciness, tenderness and flavor by ten testers chosen randomly with a 6 score range for acceptability.
Statistical analyses
The data were analyzed using the GLM procedure (SAS, 2000). Duncan's multiple range tests (p = 0.05) were used to determine statistical differences between treatment means (Steel and Torrie, 1980) .
RESULTS AND DISCUSSION
Body weight gain and feed intake
The effects of CP level in TMR on BW gain and DM intake of Korean black goats are presented in Table 2 . The average daily gain (ADG) range of all treatments was 94.1 to 103.9 g during the experimental period and the 18% CP treatment had significantly (p<0.05) higher ADG compared with other treatments. Daily total DM intake ranged from 643.7 to 669.2 g and daily CP intake significantly (p<0.05) increased with increasing dietary CP level. Feed conversion ratio was 7.11, 6.59, 6.20 and 6.54 for 14, 16, 18 and 20% treatments of dietary CP, respectively. The lower CP levels in TMR significantly (p<0.05) increased feed conversion ratio, which was lowest in the 18% treatment suggesting a higher bioavailability of nutrients by balanced energy and protein levels on this treatment.
Protein is an essential nutrient for animal growth and plays an important role in muscle growth and animal development (Mtenga and Kitaly, 1990) , and earlier studies reported that ADG increased as CP level in feed increased (Hart et al., 1993; Jia et al., 1995; Choi et al., 2005) . In the present study, the results showed that ADG increased as dietary CP levels increased from 14 to 18%, similarly to previous studies. Average daily gain, however, significantly decreased as CP level in TMR increased from 18% to 20%. Since the higher dietary CP utilization in goats is closely related to energy provision, when energy provision is deficient, dietary CP utilization for animal growth decreases (Titi et al., 2000) . Furthermore, dietary CP utilization varies with breed, feed type and growth phase (Negesse et al., 2001 ). Osuagwuh and Akinsoyinu (1990) found that 17% protein level showed the highest nitrogen absorption, but more than 17% protein level decreased nitrogen absorption in West African dwarf goats. In the present study, lower ADG in the 20% treatment compared to 18% treatment may have resulted from insufficient energy provision due to a high level of protein in the diet.
In general, it is well known that feed intake increases as dietary CP level increases (Huston et al., 1988; Cheema et al., 1991) . In contrast, the present study showed that there was no significant difference in total DM intake among treatments. The results from this study were similar to those from Ahn and Moon (1985) and Choi et al. (2005) , who reported no significant differences in feed intake when sheep were fed diets with different CP levels which ranged from 9 to 13% and when Korean black goats consumed diets containing 12 to 18% CP, respectively. These feed intake results might be attributable to not only dietary CP content but also to several different factors such as feed palatability.
Goats at 30 kg BW need 92 g of total protein to meet the nutrient requirement for maintenance and minor activity (intensive management, 25% increase), and 100 g of ADG (NRC, 1981) . In the present study, total protein required for 100g of ADG was met, and goats in 16 and 18% treatments were fed 24.8 and 37.3 g more protein, respectively, than the requirement. Choi et al. (2007) reported that the optimal energy requirement for Korean black goats at 15% CP in feed was 3.0 Mcal ME/kg DM. However, in the present study, 2.4 Mcal ME/kg DM provision to black goats might be somewhat limiting to synchronize with dietary protein in the rumen, and thus it might have led to the lower protein availability.
Carcass characteristics and chemical composition
The effects of CP level in TMR on carcass characteristics and chemical composition of Korean black goat meats are presented in Table 3 .
The dressing percentages on the 16 to 20% treatments represented 54.1 to 54.4% of slaughter weight, which tended to be higher than 51.6% on the 14% treatment. There were no significant differences among treatments in the percentages of meat, fat and bone, representing 58.1 to 59.6, 3.9 to 4.8 and 18.1 to 18.9%, respectively, of the carcass. The dressing percentages of Korean black goats from previous studies were 48.6 to 51.4% in animals of 27 kg BW for different dietary energy levels , 45.1 to 46.2% in goats of 17 kg BW for browse feeding (Choi et al., 2003) and 45.2 to 46.8% in goat wethers of 20.2 kg BW (Choi et al., 2000) . The dressing percentage in the present study ranged from 51.6 to 54.4%, indicating a higher tendency compared to previous studies described above. Since dressing percentage is closely related to BW at slaughter and, furthermore, dressing percentage increases as BW at slaughter increases (Marinova et al., 2001; Mourad et al., 2001) , the higher dressing percentage tendency in the present study may have resulted from the higher BW compared to previous studies.
Similar BW at slaughter in the present study possibly showed no significant differences on dressing percentages among treatments since dressing percentages have a closer association with BW at slaughter than dietary CP levels (Mtenga and Kitaly, 1990; Atti et al., 2004) .
There were no significant differences in bone percentages, ranging from 18.1 to 18.9%. In general, since the bone formation is completed earlier than other tissues in growing animals (Colomer-Rocher et al., 1992) , it is conceivable that, in the present study, there were no differences in bone percentage among treatments due to the likelihood of completion of bone formation before this growth trial. Although there were no significant differences in the meat percentage among treatments, as dietary CP levels increased meat percentage tended to increase up to the 18% CP level. However, 20% treatment tended to decrease meat percentage compared with 18% treatment. This trend was similar to the results of Atti et al. (2004) who reported that in Tunisian male goat kids a, medium level of dietary CP produced more muscle than low dietary CP level, but high protein diets had less muscle compared with medium protein diets. In this regard, Atti et al. (2004) demonstrated that nitrogen was more efficiently used in the medium than in the high protein diet. In the present study, it is concluded that goats fed the 18% CP diet more efficiently utilized nitrogen than goats fed 20% CP.
The content of moisture, crude protein, crude fat and crude ash accounted for 74.3 to 74.8%, 21.7 to 22.5%, 1.4 to 1.7 and 0.95 to 1.04%, respectively, with no significant differences among treatments. In previous studies on proximate chemical composition of Korean black goat meat, the average percentages of moisture, crude protein, crude fat and crude ash were 73.5, 21.4, 3.4 and 1.2%, respectively, in the trial with different energy levels and 76.6, 20.0, 1.2 and 1.1%, respectively, in the browse feeding study (Choi et al., 2003) . Furthermore, Choi et al. (2005) found that the average percentages of moisture, crude protein, crude fat and crude ash in Korean black goat meat were 75.1 to 76.9, 20.5 to 21.2, 1.0 to 1.1 and 1.3 to 2.6%, respectively, when goats were fed diets with different dietary CP levels ranged from 14 to 18%. The results in chemical composition for Korean black goat meat in the present study were similar to previous ones. Choi et al. (2005) also reported that there were no significant differences in proximate chemical composition of Korean black goat meat in the feeding trial of diets with different dietary CP level, which was similar to results of this study. Table 4 presents the effects of CP level in TMR on physical property and sensory evaluation of Korean black goat meat. The shear force, cooking loss and water holding capacity were 2.98 to 3.18 kg/cm 2 , 25.8 to 27.1% and 54.8 to 54.0%, respectively. Although no significant differences among treatments were found in shear force, cooking loss and water holding capacity, the 18% CP treatment showed tendency for lower shear force and cooking loss, and tendency for higher water holding capacity compared with other treatments.
From sensory evaluation, the juiciness and flavor scored 4.1 to 4.3 and 3.3 to 3.7, respectively, without statistical differences among treatments, while tenderness in treatments above 18% CP was significantly (p<0.05) higher than for 14% treatment. The present study showed that shear force, the index for mechanical tenderness of meat, tended to be lower with increasing levels of dietary CP. The shear force is closely related to intramuscular fat content (Berry, 1993) and it is lowered as intramuscular fat content increases (Hodgson et al., 1992) , which was similar to the present study (Table 3) . It has been reported that as intramuscular fat content increased, cooking loss decreased (Palanska and Nosal, 1991) and water holding capacity increased (Kim et al., 2002) . The lower cooking loss and higher water holding capacity in the 18% CP treatment of the present study might be caused by the higher content of fat (Table 3) . In this regard, tendency for higher fat content for the 18% treatment might be associated with dietary protein level. Since it is well known that adipocytes are proliferated and differentiated by the expression of several lipogenic enzymes and specific hormones like insulin which are protein constituents (Wu et al., 1999; Lundgren et al., 2004; Yamada et al., 2009) , fat content in the muscle was likely to be regulated by dietary protein level. Likewise, Yan et al. (2008) reported that, in trials of lambs fed different dietary protein levels, a higher dietary protein increased their pelvic fat weight, fat thickness of the 10th rib, longissimus muscle area, and deposition rate of intramuscular fat, but some studies with other species have reported results which differ from this logic (De Smet et al., 2000; Teye et al., 2006) . De Smet et al. (2000) reported that, in a Belgian blue bull feeding trial, dietary CP levels did not influence fat content in muscles. Contrary to our expectation, Teye et al. (2006) indicated that low protein diets increased intramuscular fat content, tenderness and juiciness more than high protein diets in pigs. Therefore, various results in response to dietary CP level conflict with the view that dietary CP stimulates the proliferation and differentiation of adipose cells, and thus further research is needed.
Tenderness is the most critical index of sensory evaluation (Platter et al., 2003) , because it is the most important factor affecting meat taste (Savell et al., 1989) . Park et al. (2002) reported that sensory evaluation including tenderness, juiciness and flavor had a negative correlation with shear force in Korean native cattle. In the present study, no difference in tenderness between the 18 and 20% CP treatments suggests that the 18% protein level is optimal.
The results from this study suggested that an adequate CP level in TMR for achieving optimal growth performance and meat quality of growing Korean black goats might be 18% of DM, and that dietary CP level above 18% seemed not to further increase growth performance and meat quality. 
